Automatic external defibrillators (AEDs) may have advantages over manual defibrillation in managing prehospital cardiac arrest, particularly in rural communities. We conducted a two-part evaluation of a commercially available AED. We first established the diagnostic accuracy of the AED's rhythm recognition algorithm by challenging it with 205 cardiac arrest rhythms previously recorded from actual patients in the field. The AED demonstrated 100% specificity and 92% sensitivity for ventricular fibrillation (VF) in this nonclinical setting. We then compared the clinical efficacy of AEDs in 18 small communities (study group) with that of manual defibrillation in 18 additional communities (control group) of similar size. Ambulance technicians using manual defibrillators correctly diagnosed VF more frequently than the AEDs (98% vs 83%; p < .025). Specificity for VF was similar in the two groups (100% for AEDs vs 94% for technicians; p > .10). AEDs were able to deliver shocks more quickly than was possible with the manual defibrillators (1.56 vs 2.77 min; p < .001). The ability of the AEDs to terminate VF was excellent, converting VF in 28 of 29 (97%) patients to some other rhythm compared with only 37 of 53 (70%) patients in the control group (p < .01). Hospital admission and discharge rates were similar for the two groups. Ten of the 35 (29%) patients managed with AEDs achieved admission and six (17%) were ultimately discharged. In the control group 17 of 53 (33%) patients with VF were admitted and seven (13%) were discharged (p > .75). AEDs are an effective alternative to manual defibrillation in small communities.
been effective in improving survival after out-of-hospital cardiac death in a number of settings, " 6,7 they do not appear appropriate for most communities with populations of 25,000 and under. Paramedic programs are not only expensive,8 they also require that technicians maintain competence in a wide range of complex emergency skills. Maintenance of these skills demands frequent use,9 which does not occur in medium-and low-volume ambulance services.
An alternative strategy, which was designed to overcome the time and expense associated with full paramedic training as well as the problem of infrequent use of skills, is to train emergency medical technicians (EMTs) in a single component of advanced cardiac life supportdefibrillation. Controlled studies have demonstrated that EMTs trained in 16 hr to recognize ventricular fibrillation (VF) and defibrillate can improve cardiac arrest survival in urban,'0 suburban," and ru-ral4 communities over that possible with basic life support alone. However, maintaining even these relative-ly simple skills is not easy. Depending on the size of the community, a defibrillation-trained technician (EMT-D) may have the opportunity to use his or her skills in actual patient care only once every several years.4 12 Yet it is imperative that when these skills are required, they be performed quickly and efficiently if the patient is to have any chance for survival. As a result, intense monitoring mechanisms must be installed to continuously assess the competency and, when it occurs, the in-field performance of the EMT-Ds. Regular (at least quarterly) mandatory skill review sessions have become standard for EMT-D level ambulance services. 3 Yet another alternative for providing advanced cardiac care outside of the hospital would be to train ambulance technicians in the use of an automated external defibrillator (AED). If such a device were sufficiently simple to operate, initial training time could be significantly reduced even beyond the 16 hr required for manual defibrillator training. Furthermore, if it were possible to relax the stringent rquirements for maintenance of manual defibrillation skills with the AED while at the same time maintaining an equivalent survival-to-discharge rate, then the AED would offer low-volume ambulance services an attractive alternative for providing effective emergency cardiac care.
We conducted both a preclinical and a clinical evaluation of the AED. These evaluations were designed (1) to evaluate the accuracy of the AED's algorithm for recognizing VF and differentiating it from all other rhythms by assessing its responses to a series of heart rhythms previously recorded during out-of-hospital cardiac arrest and (2) to compare the efficacy of the AED with that of standard manual defibrillation in small communities where defibrillation is the only advanced intervention available out of the hospital.
Methods
The particular AED evaluated in this study was a commercially available device, the HeartAid 95, manufactured by the Cardiac Resuscitator Corp., Wilsonville, OR. Although limited clinical use of this device has been reported previously,"1'7 the logic parameters evaluated in this study and currently in general use are different from those used in the earlier trials. This evaluation was conducted in two parts. Algorithm validation. To validate the diagnostic accuracy of this AED, a single unit was presented with a series of 205 actual patient rhythms previously recorded as part of a study of cardiac arrest in rural Iowa.4 All rhythms were recorded by defibrillation-trained ambulance technicians during actual resuscitations in the field. The technicians used manual cardiac monitor/defibrillators equipped with two-track cassette recorders that continuously recorded both the patient's electrocardiogram (ECG) and the voices of the EMTs. All cassette recorders (LifePak 5, PhysioControl Corp., 450SL, Medical Research Laboratories) were calibrated at a standard 1 mV. Segments were selected for presentation to the AED that were sufficiently long and free of artifacts (including those due to cardiopulmonary resuscitation [CPR]) to give the device a fair opportunity to accurately assess and "treat." The minimum length that will allow the AED's algorithm to recognize VF and commit to delivering a shock is 8 to 10 sec. all rhythm segments presented were at least 8 sec in length.
The algorithm for recognizing VF and committing to shock delivery is as follows: (1) The AED will begin to charge if it detects at least two "positive intervals" within a 9.6 sec period.
A positive interval is defined as six or more deflections that are at least 0. 150 mV (1.5 mm trough-to-peak) in amplitude with a maximum slope of 3.2 mV/sec (termed VF counts) occurring in a 2.4 sec period (rate at least 150/min). (2) The AED will discharge if it detects a third positive interval within 7.2 sec of the start of capacitor charging. Thus it takes a minimum of 4.8 sec (2 x 2.4) to begin charging; it requires a minimum of 7.2 sec (3 x 2.4) to commit to a shock after being presented with VF. (For field units it may take as long as 12 sec from the initial recognition of VF to actually deliver the shock because of the additional time required for capacitor charging.) If the device has not detected three positive intervals within a 15 sec period, even if it has begun the charging process, it will abort and begin analyzing again. Therefore the rhythm segments presented ranged from 8 to 15 sec in length. In addition, the device will not charge, or the charge will be aborted, if QRS complexes occur at a rate equal to or greater than one-half that of the VF counts. The QRS detector actually has variable sensitivity based on the previous QRS complex. However, the maximum sensitivity is specified by a repetitive haversine wave signal with a 290 ,uV amplitude, a 100 msec duration, and a 1 Hz repetition rate.
Because the voice/ECG recorders simultaneously recorded the patient's ECG and the EMTs' voices, it was possible to reliably identify segments where CPR was stopped and the patient was left completely alone while the EMTs interpreted the rhythm. Artifact was further reduced during the recording process as a result of our protocol, which mandated immediate application of chest leads and did not allow the use of paddle monitoring by the ambulance technicians. The 205 ECG segments, each associated with a separate resuscitation attempt, were divided into two general groups: those associated with patients who were successfully resuscitated in the field by the EMT-Ds and those associated with patients who could not be resuscitated. For purposes of this study, successful resuscitation meant achieving hospital discharge. They were further divided within these two general groups based on our interpretation of the rhythm as VF, asystole, or pulseless bradycardia.
The diagnostic decisions ("shock" if VF, "no shock" if not VF) of a single AED, which was modified so that it did not actually deliver a shock but did simulate the charge-up and defibrillation process, were compared with decisions made at the scene by EMT-Ds. Each ECG segment was presented to the AED twice.
In addition, interdevice variability of 14 AEDs that had been distributed to community ambulance services for the in-field clinical trials was evaluated. A subset of the original 205 rhythm segments was presented to each of these 14 devices once and to five randomly selected AEDs twice. This subset was selected in the following manner: 10 segments each of coarse, medium, and fine VF and five segments of asystole were randomly selected from the 195 rhythm segments to which the single unit had responded appropriately. In addition, all 10 segments of fine VF that were missed by the single AED were included. We subsequently eliminated from this subset all ECG segments that were shorter than 10 sec in duration, even though they had been appropriately "shocked" by the single AED. We did this to provide the AEDs with a fair and realistic opportunity to correctly assess the rhythm segments. In field use, the protocol for using the AED calls for allowing up to 15 sec for rhythm recognition, charge-up, and shock delivery. For purposes of this study, it was believed that segments of at least 10 sec duration would be sufficient to reliably test the AED's ability to recognize VF and to begin the charging process. Actual delivery of a shock was not required to receive credit for correct performance. (The 10 segments that had been missed by the single AED ranged from 14 to 20 sec in length and all were included in this part of the study.) When the segments that did not meet the 10 sec minimum were eliminated, the distribution of 34 rhythm segments indicated in figure 1 resulted.
Rhythm segments were designated as coarse, medium, or fine VF according to the following arbitrary criteria: The greatest waveform amplitude occurring in a given ECG segment at a rate of at least 1 00/min was determined. For rhythms designated coarse VF, these amplitudes were greater than 0.8 mV; for medium VF, the amplitude range was 0.4 to 0.8 mV; and for fine VF, the amplitudes were less than 0.4 mV. Amplitudes less than 0.1 mV were classified as asystole. In assessment of interdevice variability, no comparison was made with the decisions of EMTs made in the field at the time of the recording. It was simply noted whether the devices responded appropriately to the rhythms presented, i.e., did they "shock" VF and refrain from "shocking" rhythms other than VF. Whether the recorded rhythm actually was VF or not was determined by two of the authors (R. E. K., D. D. B.) by consensus.
Sensitivity, specificity, and overall accuracy scores were determined. For the comparison of two proportions, the chi-square test appropriate for paired proportions was applied. Clinical field trial. From May 1, 1984, through June 30, 1985, 36 rural cornmunities from all regions of Iowa participated in the defibrillation study in either the control group (18 communities) or the experimental group (18 communities) . Communities in the experimental group were selected from a larger list of applicants on the basis of the following criteria: local physician support, EMT commitment to employ the AED in all cardiac arrests according to a strict study protocol, and community size. Control communities were assigned by the study staff from a large pool of Iowa communities already providing out-of-hospital defibrillation by otherwise basic level EMTs. A control community was assigned to each experimental 1,400-34,000 community to form a matched pair based on equivalent populations (table 1) . All ambulance technicians in the experimental group were trained to use portable AEDs (HeartAid 95). All AEDs used in this study were equipped with two self-adhesive, dual-function monitor/defibrillation pads in lieu of both standard monitoring electrodes and hand-held defibrillation paddles. These pads have been previously shown to be an effective alternative to paddle defibrillation in the hospital setting. 18 One pad is placed over the apex, the other on the upper chest just to the right of the sternum. Excellent artifact-free ECG tracings resulted from this pathway. The AEDs used in this study were modified to deliver only 335 J shocks.
With rare exceptions, these EMTs had no prior training in the use of defibrillators of any type, and in all cases the AED was the only source of defibrillation out of the hospital in these communities throughout their participation in the study. Ambulance technicians in the control group continued to use standard manual monitor/defibrillators (Lifepak 5) also equipped with two-channel cassette recorders. The training program and skill maintenance requirements for the control group have been previously described.4 Briefly, the skills of cardiac monitoring, recognition of rhythms associated with cardiac arrest, and defibrillation were taught in a 16 hr course. All EMT-Ds were required to successfully manage a simulated cardiac arrest patient, demonstrating their ability to deliver a shock within 90 sec of arrival at the "patient's" side while making no important errors of omission or commission, to complete the course and Subset of 34 Rhythm Segments After completion of the course, each EMT-D was required to recertify according to these same standards every 30 days to maintain these critical but infrequently used skills. Training for the experimental group (n = 341 EMTs) consisted of a 4 hr course conducted in the local community devoted almost exclusively to the operation of the AED according to a strict protocol. No attempt was made to teach any aspect of cardiac rhythm assessment. At the completion of training a practical examination was given limited to assessing the student's ability to attach the device to a CPR mannikin and to operate it according to the study protocol.
The EMTs in the control group (manual defibrillation, n = 324 EMTs) were authorized to deliver up to three 300 J shocks for VF. Up to three additional shocks were authorized if a patient's rhythm reverted to VF after previous conversion to an organized, perfusing rhythm. EMT-Ds in this group were also authorized to shock what they considered to be asystole; this was done to maximize their sensitivity for fine VF, which might be interpreted as asystole. The protocol encouraging shocks for asystole had been implemented before the beginning of this AED study and was simply continued.
In the experimental communities, the emergency technicians attached self-adhesive monitor/defibrillation pads upon verification of cardiac arrest, stopped CPR, and switched the device to the automatic mode. The patient was left completely alone and the EMTs counted to 15. If, during that count, the algorithm for VF was satisfied, the device warned bystanders to stand clear through a voice synthesizer and automatically delivered a shock of 335 J. The study protocol called for up to eight shocks to be delivered in pairs with 1 min of CPR between each pair. If. after any count of 15, no shock was delivered and the patient remained pulseless, CPR was resumed for 1 min and the AED was given another opportunity to treat. If the AED did not deliver a shock on the second opportunity, the patient was transported immediately to the hospital. Data were collected from written ambulance run reports, voice/ECG cassette tapes, and interviews with the EMTs. The information retrieved from both groups included the ambulance response time (the time from the call to the arrival of the ambulance), whether the arrest was witnessed, whether CPR was performed before arrival of the ambulance and by whom, the proximity of the collapse to the local hospital (in miles), the cardiac rhythms (initial rhythm and rhythm after each shock), elapsed time from ambulance arrival to delivery of the first shock, and elapsed time between subsequent shocks. Outcomes were recorded for each patient: hospital admission or death before admission, and discharge or death in the hospital. The return of spontaneous pulse and blood pressure at any point, with or without assisted ventilations, was also recorded. Ambulance response times, time at the scene, and transport time were determined from official dispatcher records. Time to initiation of CPR was estimated by the EMTs through questioning of bystanders. Time from ambulance arrival to defibrillation was measured directly from the cassette recordings made at the scene of the arrest.
All cardiac arrest tapes from both the experimental and control communities were reviewed by the authors, and written summaries and comments regarding performance of the protocol were submitted to the local ambulance service and medical directors. Each rhythm segment upon which either the AED or the EMT-Ds based a treat/no-treat decision was interpreted independently by two of the authors (R. E. K., D. D. B.) who, at the time of rhythm interpretation, were blinded to the actual treatment decisions made in the field.
Although the EMT-Ds in the control communities were required to perform the defibrillation protocol adequately in a simulated cardiac arrest situation monthly (as previously described), no such requirements were made of the technicians using the AED. In fact, throughout the period of the study, no formal retraining was conducted for the AED technicians after the initial 4 hr training program.
Univariate statistical techniques, including chi-square tests, Fisher's exact test, and t tests, were used to analyze differences in the two groups of communities. Specifically, chi-square tests and Fisher's exact test were used, as appropriate, when comparing two proportions such as admission and discharge rates, sensitivity and specificity, etc. Two sample t tests were used for all comparisons of distances and elapsed time.
Results
Algorithm validation. The single AED correctly recognized and delivered a simulated shock to all 33 segments of VF recorded from patients who had been successfully resuscitated in the field by EMT-Ds. It also correctly recognized and "shocked" 79 of 89 segments of VF that had been recorded from patients who could not be resuscitated in the field. The ambulance technicians, on the other hand, had correctly recognized and shocked 88 of these 89 rhythms. However, the ambulance technicians also shocked nine of 83 rhythms interpreted by us to be asystole. The AED never "shocked" a rhythm other than VF (table 2) . Overall, the AED demonstrated 92% sensitivity and 100% specificity in the diagnosis of VF compared with 99% sensitivity and 90% specificity for the ambulance technicians. The AED and the technicians had identical accuracy scores of 95%. The AED was insensitive only to very fine VF, consistent with the parameters of its recognition algorithm (see Methods), which ensures 100% specificity at the expense of some sensitivity. This single AED was consistent on both trials with all ECG segments. With respect to interdevice variability, each of 14 AEDs correctly recognized and "shocked" all five segments of coarse VF and all eight segments of medium VF. Of the 16 segments of fine VF, five were "shocked" by all 14 devices, seven were "shocked" by some devices and not by others, and four were not recognized as VF by any of the AEDs. None of the 14 units responded to any of the five segments of asystole (table 3) . When the 34 rhythm segments were presented a second time to five randomly selected AEDs, 31 of the 34 segments were correctly recognized by all five devices. Two of the devices responded consistently on each trial to all 34 segments, while one was inconsistent on three segments and two were inconsistent on one segment each. All inconsistencies occurred with rhythm segments demonstrating fine VF.
Clinical field trial. Between May 1, 1984, and June 30, 1985, AEDs were applied in 80 cases of cardiac arrest due to heart disease. Mechanical failures precluding both rhythm documentation and AED treatment occurred in eight cases. In four others the AED apparently functioned normally, but failure of the voice/ECG cassette recorder prevented documentation of the cardiac rhythm and the events surrounding the resuscitation. Of the remaining 68 cases, 35 (51%) patients had an initial rhythm of VF, 21 (31%) had an initial rhythm of asystole, and 12 (18%) had an organized initial rhythm.
In the control communities, a total of 124 cardiac arrests occurred during the same period. No mechanical failures preventing defibrillation occurred, although in 10 cases tape failure prevented documentation of the cardiac rhythm and the events at the scene. AResults are reported as number of patients shocked/number of patients with the indicated rhythm at any time during their management. Therefore the totals are higher than the actual number of patients.
BSpecificity for EMT-Ds using manual defibrillators was calculated as the proportion of organized rhythms not shocked, since these were the only rhythms the EMT-Ds were trained not to shock. For the AED, specificity is the proportion of all non-VF rhythms not shocked.
Of the remaining 114 cases with good documentation, 53 (46%) patients had an initial rhythm of VF, 43 (38%) had an initial rhythm of asystole, and 18 (16%) presented with an organized rhythm. Sensitivity and specificity. All AEDs exhibited 100% specificity, i.e., no rhythm other than VF was shocked (table 4). They exhibited moderate sensitivity to VF whether considered by patient or by segment (tables 4 and 5). The AEDs were occasionally insensitive to a fairly wide amplitude range of VF segments (<0. 2 mV to >0.8 mV), although all patients in coarse VF (>0.8 mV) and all but one patient in medium VF (0.4 mV to 0.8 mV) received at least one shock. Five patients in five VF (<0.4 mV) received no shocks (table 5) .
By comparison, EMT-Ds using manual defibrillators were more sensitive to VF of all amplitudes (98% vs 83%; p < .025). The only patient in VF who was not shocked in the control communities was in a coarse VF interpreted by the EMT-Ds to be an organized rhythm. This high degree of sensitivity for VF is due, in part, to our protocol, which encourages EMT-Ds to shock asystole as well as VF. Therefore EMT-Ds using the manual defibrillators generally shock all but organized rhythms and do not attempt to distinguish be- AResults are reported as number shocked/total VF of given amplitude. tween fine VF and asystole. Specificity for the EMT-Ds in the control communities, then, was calculated as the proportion of organized rhythms that were not shocked (94%), since these represented the only rhythms they were trained not to shock. In no case was a rhythm with a pulse shocked. In two cases the shocked rhythms were low-voltage (0.2 mV), irregular, wide-QRS complex (>0.16 sec) bradycardias (rates 20 to 25 complexes/min). One was interpreted by the EMT-Ds as VF, the other as asystole. In the third case a patient had been successfully converted from coarse VF to an irregular, wide-QRS complex (>0.16 sec) rhythm with a rate of approximately 75 complexes/min. There was considerable irregular electrical activity obscuring the baseline (amplitude averaging 0.3 mV, rate >300/min), probably representing atrial fibrillation with superimposed movement artifact. The EMTs initially reported that a weak pulse was present. The pulse was subsequently lost, and the active baseline was incorrectly interpreted as a return to VF, although in fact QRS complexes remained visible. A single shock was then delivered, which had no effect on the patient's rhythm. Conversion rates. A high proportion (28/29, 97%) of patients in VF who were shocked by AEDs were converted to some other rhythm, including asystole (table 6). Sixteen of these patients (55%) were converted to organized rhythms. TABLE 7 The EMT-Ds delivered shocks to 53 patients in VF, converting only 37 (70%; p < .01) to some other rhythm. Twenty-three patients (43%) were converted to organized rhythms.
Speed of shock delivery. Elapsed time from ambulance arrival until delivery of the first shock was determined in both groups of communities by timing directly from the voice/ECG cassette tapes (table 7) . The mean time from EMT arrival to delivery of the first shock by the AEDs was significantly shorter than for the EMT-Ds using manual defibrillators (1.56 vs. 2.77 min; p < .001).
Admission and discharge rates. Ten of the 35 (29%) patients found in VF in the experimental communities (AED) were admitted to the hospital with a spontaneous pulse and blood pressure, with or without assisted ventilations. Six (17%) patients were ultimately discharged in good condition.
In the control group (manual defibrillation), 17 of the 53 (33%) patients with an initial rhythm of VF were admitted to the hospital, and seven (13%) were discharged alive (figure 2). Table 7 provides a detailed comparison of important variables observed in the experimental and control communities. The only significant difference observed is the shorter time from technician arrival to delivery of the first shock with the AED.
Discussion
There are two principal findings of this study. First, we found that the diagnostic algorithm of the particular AED evaluated, HeartAid, was highly specific and sensitive for the diagnosis of VF. Second, we showed that the AED is an effective alternative to manual defibrillation for the management of out-of-hospital cardiac arrest in rural communities served by minimally trained ambulance technicians. The AED demonstrat-Clinical field trial: characteristics of patients with cardiac arrest who were initially in VF and the time elapsed before emergency care ed high sensitivity to medium and coarse VF, the cardiac arrest rhythms most often associated with survival. 19' 20 The overall survival-to-discharge rate in communities using the AED was comparable to that previously reported for small communities served by EMT-Ds4 as well as to that observed in the manual control group in this study. This initial clinical trial of the efficacy of AEDs in rural communities reaffirms the importance of early defibrillation in improving patient outcome after outof-hospital cardiac arrest. Hospital discharge rates in both the AED and manual defibrillation communities were considerably better than those reported for communities with basic life support alone.4 21 The effectiveness of an AED, however, must be judged in large part by criteria other than hospital discharge rates. Patient outcome after cardiac arrest is a function of many variables and cannot be attributed solely to accurate diagnosis and defibrillation of VF, whether by human or machine. The discharge rates reported for both groups in this series, for example, are somewhat lower (although not significantly) than those previously reported for rural communities served by EMTs trained to manually defibrillate4 and considerably lower than those reported for EMT-Ds in urban10 and sub-urban11 settings. It is not possible to ascribe these differences to a particular method of defibrillation, however, until one first controls for such confounding variables as mean ambulance response times, proportion of arrests that were witnessed, mean time from collapse to initiation of CPR, etc.
Rather, an AED must be judged by variables specifically related to its own performance: (1) accuracy of rhythm diagnosis, both by segment and by patient, (2) rapid shock delivery for VF, (3) ability to convert VF to any other rhythm (which rhythm is not a function of the defibrillator), and (4) mechanical failure rate. When assessed according to these criteria, the performance of an AED can be analyzed separately from the emergency medical services system in which it was used and more general observations can be made. For the remainder of this discussion, we will focus on this AED's performance in these four categories.
Accuracy of rhythm diagnosis. In the clinical trial, this AED was somewhat less sensitive for VF (p < .025), whether considered by patient or by segment, than EMT-Ds using manual defibrillators. However, of the five patients determined by the authors to have had an initial rhythm of fine VF yet who were not shocked by the AED, three were in such fine VF that the criteria of the AED's algorithm clearly were not met. Such fine VF rhythms are rarely associated with a positive outcome even when defibrillated.22 Only two cases gave cause for serious concern. One was a patient in medium, the other in coarse VF. Both patients were eventually shocked by the AED, but only after delays of 6 and 7 min, respectively, resulting from the first several segments of VF not being shocked. It has not been possible in either case to determine the cause of these delays, although mechanical failures such as defective monitor/defibrillation pads or cables have been ruled out. Although VF was eventually terminated by the AED in both of these cases, neither patient survived to hospital admission. A similar incident occurred during the study in the control (EMT-D) group: defibrillation of coarse VF was delayed in one case for 7 min in a control community because of an EMT-D's uncertainty concerning interpretation of the rhythm. This patient also converted from VF but did not survive to hospital admission.
It must be strongly emphasized that the high degree of sensitivity for VF exhibited by the EMT-Ds using manual defibrillators can be attributed in large part to our EMT-D performance protocol, which allows "defibrillation" of asystole in the interest of ensuring that all VF, including fine VF, is shocked. The relative insensitivity of the AED to fine VF, on the other hand, is a deliberate design trade-off in favor of the observed 100% specificity. This is a reasonable approach considering the totally automatic functioning of the device and the potential, otherwise, for inappropriate shocks and possible harm. By the same token, the specificity of the two approaches cannot be compared except as it relates to shocking of organized rhythms. In this regard the AED was, again, 100% specific for VF, whereas the EMT-Ds manually shocked three pulseless but organized rhythms (specificity 94%; p > . 10). able to deliver shocks to patients in documented VF more quickly than could EMT-Ds using manual defibrillators (table 7) . Since the total time that a patient is in VF before defibrillation is probably the most important determinant of outcome.3" this consistent difference may have important clinical significance. We have observed in another setting that when ambulance response times are short (mean 4.0 min) and controlled for, the elapsed time from EMT arrival to delivery of the first shock is an important predictor of successful resuscitation (Stults and Brown: unpublished data).
The explanation for the observed difference in the time required to defibrillate is probably related to the greater number of tasks that must be accomplished when using a manual defibrillator. The elapsed time to first and subsequent shocks using manual defibrillators encompasses (I) assessment of the rhythm followed by resumption of CPR while the defibrillator is prepared. (2) application of conductive medium and charging of the defibrillator, (3) placement of paddles and careful assurance that nobody is in contact with the patient at the time of defibrillator discharge. Once the self-adhesive monitor/defibrillation pads used with the AED have been applied and the device is switched to the "auto" position, nothing remains to be done but ensure that everyone is clear and allow 15 sec for the AED to perform.
Ability to terminate VF. The VF termination rate observed with the AED (97%) was much better than that observed with manual defibrillation (70%) (table 6). It was not possible in this study to determine the reasons for this difference. One hypothesis is that there is greater variability and error in defibrillation technique (paddle placement, paddle pressure, conductive medium) using standard hand-held paddles than with selfadhesive monitor/defibrillation pads. Another possible explanation is the more rapid shock delivery with the AED. These explanations are not mutually exclusive and, in fact, both may contribute to the observed improvement. The difference in conversion rates probably cannot be ascribed to the AED self-selecting patients with more easily terminated coarse VF. The mean amplitude of the VF to which the AED was insensitive was <0.3 mV (fine VF), whereas the mean amplitude of the VF that could not be converted by EMT-Ds using manual defibrillators was 0.5 mV (medium VF). Whatever the reason, the ability of this AED to terminate VF was excellent.
Mechanical failure rate. The total failure rate, including all AED malfunctions that prevented rhythm assessment, shock delivery, and/or rhythm documentation, was high (12 of 80 or 15%; eight preventing rhythm assessment and shock delivery) when compared with EMT-Ds using manual defibrillators (10 of 124 or 8%; none prevented rhythm assessment or shock delivery; p < .001). Each failure in this series was evaluated as thoroughly as possible. In one case, a broken pin on the patient cable connector prevented both rhythm assessment and the opportunity for treatment had the rhythm been VF, which could not be determined. Rhythm assessment, and thus any possibility of treatment, was also precluded in seven cases where no malfunction of the AED or its patient cable could be discovered.
In these cases we believe that the self-adhesive monitor/defibrillation pads failed. The most likely causes of pad failure are dried conductive gel and/or a broken wire in the pad itself. Our practice early in the study of storing the pads rolled or folded in the lid of the defibrillator was the most likely cause of at least some of the failures. Steps to prevent such problems were subsequently taken, including storing pads flat (never folded). In 32 consecutive cases since taking these steps, there has not been a malfunction that prevented AED rhythm assessment or defibrillation.
Failure of the cassette voice/ECG recorder prevented rhythm and performance documentation in four cases where the AED apparently functioned normally.
Cassette failure occurred in an additional five cases, but continuous paper recordings allowed us to document the presence or absence of VF and the AEDs' treatment decisions. If one excludes from consideration the failures that resulted from monitor/defibrillation pad malfunction, the rate of failures that prevented patient assessment and treatment was quite small (1 of 80), even when compared with the manual defibrillators that experienced no such failures.
Training requirements. The incidence of cardiac arrest is low in small communities, whereas the average number of volunteer EMTs per ambulance squad is high. As a result, an individual EMT can be expected to use his or her defibrillation skills in actual patient care only once every several years. 4 12 It has therefore been found necessary to require EMT-Ds trained in 16 hr to manually defibrillate to recertify every 30 days through a rigid practical examination conducted by the local medical director. Such periodic recertification has been determined to be an essential component of manual EMT-defibrillation programs.'3 Not only was initial training time shorter for the AED in this study (4 vs 16 hr), but formal periodic sessions for skill maintenance were not required at all. Critical EMT performance variables (elapsed time from arrival to shock delivery, adherence to protocol, etc.) did not measurably deteriorate with the passage of time in communities using the AED. We do not wish to imply, however, that no periodic activities for skill maintenance were undertaken by the EMTs using the AED, but that no formal sessions were required or monitored as must be done with manual EMT-defibrillation. In fact, the EMTs reported practicing on their own an average of every 6 weeks. Such practice should be strongly encouraged. As these programs are implemented on an on-going basis, it seems only prudent that a more formal review of the operation of the AED and the approved patient care protocol should be conducted as often as once each quarter. The observed reduction in the time required to acquire and maintain defibrillation skills with the AED may make this approach particularly attractive to low-volume, volunteer ambulance squads as well as first-responder units of larger tieredresponse ambulance systems. The overall effectiveness of any defibrillator, including an AED, will be limited by the characteristics of the emergency medical services system in which it is used. Particularly in rural areas staffed by part-time volunteer ambulance technicians, for example, ways must be found to reduce the average time from patient collapse to arrival of a defibrillator-bearing EMT. Even with the ambulance response times observed in this study, however, early defibrillation by basic EMTs using manual or automatic defibrillators greatly improves the odds of successful resuscitation from cardiac arrest in small communities over that possible with basic life support alone.
